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Wc, Mobil On. Corporation, formerly 
Socony Mobil Oil Company Inc., a company 
organized under the laws of the State of New 
York, United States of America, of 150 FaVi 
42nd Street, New York 17, New York, United 
States of America, do hereby declare the in- 
vention, for which wc pray that a patent m ay 
be granted to us, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement: — 

This invention relates to bonding a surface 
of a thermoplastic material to a surface of 
cither thermoplastic material or paper by 
means of stimulated emission radiation. 

A commonly used practice of binding 
thermoplastic films, such as those of poly- 
olcfins like polyethylene, comprises bringing 
the contiguous films, between the plates of a 
heated clamp and applying presMi, Alterna- 
tively, a heated rotatable disc n ly be rolled 
over the films and pressure applied to melt an 
area which . upon cooling forms acontinuoir* 
bond between the films. iMnre recently, ultra- 
sonic energy has been used to form bonds, 
using ultrasonically excited, rather than ther- 
mally heated, metal probes. In these methods 
a certain minimum temperature, pressure, and 
dwell time are required to bond a pair of lilm^ 
of given composition and thickness, and con- 
trol of these variables is therefore necessary. 
Furthermore, control over the. application v*i 
heat is required to ensure that the film on 
both sides of the bond, over the entire bond 
area, is melted. Some films shrink upon heat- 
ing, and the bonded structure often shows un- 
sightly .wrinkling in the bond .>rea. In addi- 
tion, the heated metal clamp or disc must fit 
the shape of the films or other structures to be 
bonded, and this means that the sealing of 
highly contoured structures is impracticable. 

According to the present invention a method 
of blinding a first surface which is of a thermo- 
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plastic material tp^a ^eccrpd surface which fs tu"' 



a thermoplastic AArkNtI or paper, comprises 
superposing the first surface on the second 
surface, thereby forming an interface, irradiat- 
ing the interface with electromagnetic radia- 
tion made up of constituent waves which arc 
all in phase and of the same wave length, 
and absorbing the radiation over a preselected 
area in the interface, therebv raising the tem- 
perature of the area sufficiently to fuse thermo- 
plastic material at the area and to bond the 
first ;:nd second surfaces. The wave length of 
the radiation is preferably in the range. of 0.5 
or 0.6 to 28 or 30 of more microns. The radia- 
tion has a high energy content ranging from 
a fraction of a joule to 50 or 100 or more 
joules. A sufficient quantity of energy is ab- 
sorbed in the interface to bond together the 
mating surfaces. 

The method according to the invention mav 
he used to bond thermoplastic structures to- 
gether or to bond a thermoplastic structure to 
a paper structure. Where both of the surfao-s 
to be bonded together are of thermoplastic- 
material both surfaces mav be present in Uie 
same structure, so that the bonded product may 
have looped or tubular form. 

In the method of :he invention no mora l 
instrume nt ir '* c ontacted with the surfaces to 
form the bond^arul thus, problems arisinu with 
t he use of such ins tm mems do not ivccTrr. 
Funhermore bonding can be achieved very 
ra pidly, ior exam ple,_b et ween twn r ^oj^vtKerr^ 
I "VJ m _ s in a time as small ;is _ ^ U UH)S se'eo rul s , 
which may be the duration o( -\ srnglc pulse 
of the radiation used. Another adva'm.ny nf 
ljTe _mothod is that the bond can be created 
aT The interlace hct wee n_ ^v.O- superposed fit^ 
and .Thus .undesirable mcltini* of the body o f 
j he hims is avoiircu"since nesti ng of Lhe eojj^ 
filin is ohviated. The method also permits 
bondnig <il htfthly contoured structures. 
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Considering the invention in detail, the 
structures that may be bonded arc prcferaoly 
thin films, sheets, webs, fabric, strips or strands 
and may or may not be coated. Preferably 
they have a thickness in the range of 0.5 to 
10 or 20 mils. Greater thicknesses are possible, 
depending on the energy' per unit area that is 
available from the radiation source, greater 
energies being useful for thicker structures, 
an4 vice versa. With the source described in 
the examples, thicknesses in the range of 10 
to 75 mils arc suitable. Over all, however, 
structures having a thickness of up to 10 inches 
can be bonded'. It will be understood that a 
pair of bonded structures may, have the same 
or different thicknesses. Denser structures or 
plastics favour greater absorption of the radia- 
tion, and vice versa. As indicated, hon-flat 
structures such as die cast- or injection molded* 
products may be bonded. 

Besides providing bonds, the invention is of 
valup to form laminates from sheet materials. 
Tubular forms may be made from individual 
sheets, as hy bringing one longitudinal edge 
portion of a sheet over to the opposite edge . 
portion to overlap the two, thus forming a loop 
or tube. A further application comprises Bond- 
ing a thermoplastic film, sheet or other struc- 
ture to an embossed or printed web of paper, 
then peeling or separating one from, the other, 
thus forming the embossing or printing on the 
plastic sheet. / 

The preferred structure for the practice of 
the invention comprises films, and the ensuing 
description relates specifically to films although 
it will be understood that they arc illustrative. 

Three general embodiments may be des- 
cribed, one relating to unchanged or untreated 
films, one to prctrcatcd films in which the 
entire* film undergoes a change, and one 
prctrcatcd films in which the treatment cr 
change may be considered for purposes of the 
invention as affecting a surface only of the 
film. Each embodiment mav include modifi- 
cations. 

In one embodiment, two untreated thermo- 
plastic films in the as-formed state may be 
bonded together. The overlapped area of the 
contiguous films is placed in the path of tine 
radiation so that the plane of such area is per- 
pendicular to the longitudinal axis of the 
radiation. ^Vs scjjort h in greater detail below , 
t he radiatio n^ proiMrfrH fry * jascr d?vj [r>, 
and. may be in the form of a pulsed or con- 
tinuous radiation or beam. The beam may be 
focused or not, and by relatively moving the 
laser source with respect to the film, the inter- 
face of the film may be brought into operative 
relation with respect to the beam. Focusing, 
when used, may he done by means of a suit- 
able lens or mirror system. For bonding n 
pair of untreated films it is advantageous, 
particularly with *a laser source of the type 
described in the examples, ro employ a focused 



beam to obtain the increased intensity and 
selectivity that focusing provides? 

A second embodiment comprises bondinz 
an untreated film with a pretrcated film 
wherein the prctreatmcnt comprises stretching 
the him tn one direction. Stretching involv es 
a change in the entire film, for as is known , 
it orients tnc polymer molecules or chain s 
in the direction ot the axis of stretch . When 
bonded' to an untreated film, the streTcHS d 
film, wncn disposed away or remote from th e 

^" ?B)L_ so " r ^ c ^ *" a y hclp ^ orm an interfa ce 
havrn l^li'unhanccd capacity to absorb radi a- 
t ion as^wcll as a capacity to absorb it selec- • 
qivelv . This cfTcct may be described furtner as 
- follows. For certain laser devices, such as the 
one described in the examples, the output 
beam is plane polarized, and, for at least some 
other devices it can be rendered plane polar- 
ized. As illustrated, in Example 3, it is found 
that the absorption selectivity^ is enhanced 
when a plane-polarized beam is applied to a 
stretched film in such a way that the plane 
of polarization is perpendicular to the axis or 
direction of stretch. Apparently an increased 
interaction bctwezi th<T bcarrrand trie stretche d 
jfilm occu^ as a t csuit of tho described appli- 
cation of ~ rTc^bearr and this effect is not ob- 
tained if the . polar. zition plane i's parallel to 
the stretch direction, or if the film is not 
stretched. 

The third embodiment relates to films in 
which the prctreatmcnt mav be regarded ?.s 
affecting the surface of film and thus en- 
hancing the absorption of an interface in which 
such surinec lies. According to this embodi- 
ment a selectively "absorbing laver is created 
nr ^rrpm nr (i ispor-cd between a p:ur of fijnv; 
nr nrhr7c;^p: -ttirrs tn h><- ho nded . Several modi- 
fications are apparent in one of which the 
surface of a film is pretrcated bv mechani- 
cally stressing the same, as by drawing the 
film across and in contact with a knife edge, 
without however cutting the same. The film 
may he knnrWJ to .mothe r stressed or un- 
stressed film, taking care to dispo^ rh*» pressed 
surfaces iri ¥*hc interlace , ^ 

In another modification, an untreated** film 
mav be treated to increase its surface polarity 
and then bondect to an untreated film. It 'is 
found that such prctreatmcnt of a film pas 
the effect of enabling it to" selectively absorb 
the radiation, leading to an improved and/or 
more rapidly formed bond. Illustrative of this 
embodiment is a film whose surface has bct?n 
exposed to an electric discharge in ammonia 
gas for a time sufficient to increase the polarity 
of the surface. When such surface is mat^d 
with a like surface, or with a surface of an 
untreated film, the resulting interfaces has* an 
enhanced capacity for absorbing the radiation, 
and production of a good h ,nd is favored. Of 
interest in this connection is an experiment 1 in 
which eight strips of polyethylene film were 
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treated on one side by electric discharge in 
ammonia gas, after which the strips were 
- stacked with the treated surfaces of each pair 
of contiguous strips in contact. On irradiation 
5 of the stack with a pulsed laser beam (pulse 
" of 0.5 millisecond duraticfh) directed at one 
side of the stack, bonds were formed only at 
the. treated surfaces of each contiguous pair 
of strips. Besides ammonia, vapors of other 
10 x polar compounds may be used in the electric 
. discharge step, including halogcnated hydro- 
carbons like cMorofbrm; alkyl and alkenyl 
halides like, vinyl chloride; saturated and un- 
saturated aliphatic acids like vinyl acetic acid, 
15 crdtpnic acid and butyric acid. Other proce- 
dures for increasing the polarity of *a surface 
include treating it with such polarity increas- 
ing polar compounds as chromic acid (chromic 
trioxidc in sulfuric arid), chlorine and pcrman- 
20 gani<? acid. It will be understood that after 
treatment of a surface with ono of the fore- 
going agents, any excess agent is removed prior 
to irradiation. Another procedure comprises 
flame treating the surface. The laser beam 
25 itself may be used to pretrcat a surface to 
increase its polarity. 

A further modification comprises coating the 
surface of an untreated film with a distinct, 
separately added layer of a polar compound, 
30 such as those described in the preceding em- 
bodiment, and thc v n bonding the treated film 
to an untreated one. The amount of compound 
applied to-.a surface is sufficient to form a 
distinct layer. Gaseous polar compounds can 
35 be trapped between a pair of films to form a 
layer. Of further advantage is the use of a 
layer comprising a polymcrizablc material, 
such as a monomer, dimcr, or oligomer, which 
is sandwiched between a pair of films or 
40 other structures; preferably the monomer is 
liquid and, when polymerized b* ? the action of 
the beam, is compatible with the material of 
the structures. The monomer or dimcr may 
form a thermoplastic or, provided it is in a 
45 **hcat fusible stage, a thcrmoset; after it is poly- 
merize^ it forms a bond between the films. 
Use of a monomer, for example, in this way 
may provide a seal created by fusion and/or* 
by chemical action. 
50 A furt her m odification of interest makes 
use ot three films comprising a central pre- 
treated turn san awicne d between two oute r 
^ untreated films. 1'Wtt Uttteriaccs may thus be 
. established. I he * central film may be an 
55 oriented one, or it may have surface polarity 
on both sides, or a layer of polar compound 
on both sides, or a coating of a monomer on 
both sides. 

In addition to the foregoing embodiments, 
60, it will be understood that other embodiments 
are suitable wherein any of the above described 
pretreated films may be bonded to any other 
pre treated film, whether similar or dissimilar. 
For example, a film prerrcatcd to increase its 
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film or with a film pretreated by stretching. 
Similarly, an oriented, film may be bonded 
with one of the other pretreated films. It wili^. 
be understood, of course, that the interface of . 
such pairs of films will comprise mating sur- 
faces one or both of which have been pre- 
treated. 

All thermoplastic resins arc operative for 
the process of the Invention. Thus, for example, 
vinyl acetate copolymers, vinyl chloride co- 
polymer* or a mixture? of the two, chlorinated 
rubbers, styrcne polymers and copolymers, cel- 
lulose acetate, cellulose acetate* butyrate, cel- 
lulose acetate propionate, methyl cellulose, 
polyvinyl butyrate, polyethylene, polypropylene 
and other polyolcfins, butadiene copolymers 
such as butadicnc-acrylonitrilc and butadiene- 
sty renc copolymers, polymcthyl mcthacryiatc, 
vinyl acetate .polymers, vinylidenc chloride 
copolymers, such as vinyl ch'oridc-vinylidcnc 
chloride copolymer, and mixtures of these sub- 
stances are satisfactory. 

TRc stimulated radiation, as indicated, is 
the radiation. emitted by a laser. Such radia- 
tion is also referred to as laser energy, and as 
indicated, it comprises 'electromagnetic radia- 
tion whose constituent waves 'or rays are all , 
in phase *.nd all of which have the same wave 
length. The waves arc described as highly 
coherent, by which is meant that there is a 
high degree of correlation between their phases, 
or that they are substantially in phase; and 
they arc described as monochromatic, by which 
is meant that they have very nearly the same 
wave length; and they are further described, 
as well collimatcd, referring to the fact that 
they arc highly parallel/ For all practical pur- 
poses the waves are to be regarded as in phase 
and as having the same wave length. As noted, 
the radiation emitted by a particular laser 
device may be plane polarized, and if not, it 
is at least in some cases capable of being plane 
polarized. The wave length is usually in the 
range of 0.2 to 3(> or 40 microns, and prefer- 
ably in the "range of 0.4 to 0.8 micron which 
corresponds to the visible region of the elcctro- 
rnagnetic spectrum. The frequency correspond- 
ing to the broad range of wave length ranges, 
from 1.5 < 10' . down to 0.01 - 10" 
0.0075 * 10 ,A cycles per second. The radiation 
is further characterized by having an energy 
content ranging from a fraction of a joule t:> 
1000 joules and cven~higher. 

Each laser material e/nits its light in a 
specific wave length, that is at or near the 
natural frequency of its particular atomic 
structure. Thus, one laser device produces a 
beam having a particular well-defined fre- 
quency* while another employing a different 
material produces a beam having a different 
but also well-defined, frequency. The wave 
length, frequency, and power of the radiation 
are thus variable by selecting an appropriate 
device, a number of which are available. When 
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supply the laser beam, a viriation in the fore- 
going characteristics may be had by suitable 
choice of the organic compr.urid. It is also 
possible to produce varying frequencies by 
beatM g one frequency against another to pro- 
duce a frequency different from the other two, 
and in this way it may' be possible to syn- 
thesize wave lengths, so to speak: Also, a beam 
from a continuous wave source may be. varied 
in frequently using suitable electronic means 
known in the art. , 

The radiatio- may be pulsed or in the lorm 
of a continuous wave. Pulses have been re- 
corded as short as 20 nanoseconds and as lon£ 
as 1 millisecond. Appropriate devices m 
available for producing cither type of radia- 
tion. 



Several types of laser device arc known, 
including v>lid * v ate light-pumped lasers such 
as ruby or glas;>, gaseous lasers such as helium- 
neon; semiconductor lasers such as gallium 
arsenide; lasers employing conjugated organic 
molecules such as benzene, toluene, or naph- 
thalene; an4 plastic lasers such as polymethyl 
methacrylate containing traces of an europiurft 
chelate. -The following list presents a partial 
list of devices. The reference, to a "sun 
pumped" laser (No. 7) means that the source 
of exciting radiation wus the sun. The recorded 
temperature are. those of the space imme- 
diately surrounding each laser material. 



Characteristics of Some Lasers 



No. 


Type Active Centers 


Duration 


Temperature 


Approximate 
Wavelength, 
Angstroms 


1 


Gas 


Neon 




IxUOIIl 


1 1,530 


2 


Gas 


Neon 


c\v 


Room 


6,328 


' 3 


Ruby Cr 


. - . ions 


millisec 


Room 


6,943 


4 


CaWO, Nd 


ions 


CW 


77K. 


10,630 


5 


Gas 


Cs 


cw 


Room 


71,500 


6 


Scmirconductor 


GaAs 


Pulsed 


77K 


8,400 


7 


Cal ; . 


Dy 


CW 
(sun pumped) 




23,900 


8 


Cal\ 


U : 


Pulsed 




25,000 


9 


GlF; 


Sm 


Pulsed 




7,082 


10 


Bal\ 


U ■ ■ • 






27,000 


11 


Fused Quart/ 


Silicon 


Pulsed 


Room 


2,541 to 
4,130 


12 


Glass 


Gd 


Pulsed 


Room 


3,125 


13 


Alcohol 


Flu 


Pulsed 


120 C. or 
l^wcr 


6,121 
6,152 
6,154 


14 


Plastic 


i;u chelate 


Pulsed 




6,130 
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In accordance with ihe present invention, 
there is provided a method comprising supcr- 
35 posing one thermoplastic structure* such as a 
film, on another so that a surface of each him 
is in contact with a surface of the other i*> 
form an interface, pressing the structures t >- 



gether by suitable means, such as a clamp, 
glass plates, a pair of contact rollers between 
which the Him passes, or by the weight of one 
of the structures, and then irradiating the film 
over ;1 desired area witn tnc laser radiatio n. 
Preferably/ the plane oJ the interface" is ais- 
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posed perpendicularly to the axis of the beam. 
If focusing is used, the beam is first passed 
through an appropriate lens, and the interface 
of the films is disposed in the path of . the 

5 focused beam; the latter may be directed at 
a right angl£, or even an acute angle, with 
respect to the interface, and the focused rays 
intersect at th« interface. A variation comprises 
directing two or more beams, focused or not, 

10 at a right or acute aqglc with respect to the 
interface so that the beams intersect at the 
- interface. 

Some illustrative applications of the inven-v, 
tion arc shown in the accompanying drawing, 

15 which is -diagrammatic, and in which: 

Fig. 1 shows a. laser device and beam in 
relation to a focusing lens and, in. cross section, 
a partial view of a pair of contiguous films 
to be sealed; 

20 pig. ] a shows the films of Fig. 1 in enlarged 
f orfn ; 

Fig. 2 shows another pair of films in the 
.-" path of a focused beam. 

Fie. 3 shows a pair of films in the path 
25 of an unfocused beam, the remote film hav- 
ing been oriented. 

Fig. 4 is like Fig. 3 except that the beam 
is focused; 

Fig. 5 shows a pair of films in the pa;h 
30 of the beam wherein mating surfaces of *.:u % 
films have been pre treated to form a selec- 
tively, absorbing layer. 

Fig. 6 is like Fig. 5 except that the beam 
is focused; 

35 Fig. 7 illustrates a method of prctreating 
a surface of the film by drawing \hc sam. 
over knife edges; 

Fig. 8 is like Fig. 3 and 5 except that a 
thin film is interposed between the two films 
40 to be bonded; tmd 

Fig. 9 is like Fig. 8 but shows a focused 
beam. 

In Fig. 1, a ruby laser is shown comprising 
a ruby crystal or rod 10 disposed in operative 

45 relation to a xenon Hash lamp 11, the latter 
being connected by line 12 to a power supply 
comprising a bank of capacitors not shown and 
to a connection 13 leading to ground. Upon 
firing the lamp, the ruby .is excited to produce 

50 a pulsed parallel beam, or stimulated emission*, 
shown at 14 which passes through a biconvex 
lens 15. The beam' at 16 is focused to form 
a small area or spot 17 on the planar inter- 
face 18 of the contiguous thermoplastic films 

55 19 and 20, the interface being disposed per- 
pendicularly to the axr of the beam. Films 
19 and 20 are clear untreated films made of *i 
plastic such as polyethylene. A seal or bonded 
area is formed at 17 as the result of fusion" 

60 ' of the plastic at that area. It will be under- * 
stood that as the contiguous films move in the 
* direction of arrow 21. a succession of bonded 
areas will be formed by successive pulses of 
beam. 



be considered for a moment in relation to the 
area at 22, note Fig. la, upon which the 
beam falls and through which it passes. It 
will be understood that the temperature ol 
area 22 rises, as Joes the temperature of the 
area of spot 17, owing to absorption radia- 
tion. As the beam passes through both 22 and 
17, the radiation falling on both areas is trie 
same; but since the area at 17 is considerably 
smaller than at 22, the energy per unit area 
received at 17 is considerably greater than 
received at 22. As may be apparent, the beam 
forms a cone partly, define^ by the area 22 
and. the spot 17, with the latter rcceivin i the 
greatest energy per unit area. In consequence, 
the temperature at 17 is greater than at 22, 
and greater than at any other pan of the 
cone; fusion thus takes place at the interface 
at 17 but not at the area 22. Furthermoie, 
fusion is localized at the interface area 17 
Suitable provision is made to insure the latter 
phenomenon, including the choice of laser de- 
vice, lens, and thickness of film 19. 

It is preferred that the film 19 nearer the 
laser source shall be. thicker than the remote 
film 18; and while the thickness of film 19 is 
variable, it is preferably at least \ or N \ inch. 
A desired cone will form when the thickness 
is at least inch. The lower limit of thickness 
of film 19 is iiirmcd only. by the availabilitv 
of a lens of suitable focusing power. It will 
be understood that the beam 16 continues 
beyond or to the right of the area 17, diverg- 
ing therefrom ::nu passing through and beyond 
film IS. To simplify the drawing, this portion 
of the beam is not shown 

A modification of Fig. 1 4 is shown at Fig. 
2 where contiguous films 30 and 31, ahd more 
particularly ilte interface 32, are disposed be- 
tween the focal point at 33 and the laser 
source, not shown. The firms are clear un - 
treated thermoplasticvTmd as shown, arc of 
s ubstantially tne same thickness . As the Seam 
1 6 passes through the films, it forms a trun- 
cated cone which is partially defined by the 
area 34, forming the base of the cone, and by 
the area 35 at the truncation. An area 36 in 
the interface 32 is apparent. The energy re- 
ceived by area 36 is the same as that received 
by area 34, but being smaller, the energy per 
unit area received by 36 is greater than re- 
ceived by. 34. Therefore the temperature a» 
36 is greater, and fusion at this interface area 
takes place. It will be noted that the resulting 
bond is over a larger area than in Fig. 1. 

In the embodiment of Fig. 3, the unfocused 
beam 14 impinges on the untreated film 40 
of a pair of films 40 and 41, film 40 being 
near to the laser source and film 41 remote. 
The remote film :<; stretched in a -direction 
indicated by the arrow heads 42, which indi- 
cate a direction coming through the paper to- 
ward the observer. The beam is emitted from 
the ruby laser is plane polarized, and although 
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zation is perpendicular to the direction or 
orientation o' film 41 so that an interaction 
takes place between the beam and the inter- 
face, involving an enhanced, absorption of 
5 radiation in the interface 43, particularly in 
the area 44 which is to be bonded, thus raising 
the temperature of the same and causing 
fusion with resultant formation of a br»nd. The 
beam is shown as falling on the interface iu 
10- emphasize that selective absorption occurs 
there, and it will be understood that the beam 
continues through the film 41. It is apparent 
that the bond is formed over a fairly large 
area 44. In place of the untreated film one 
15 may also use a film that is stretched, but in 
which 'the direction of orientation is difTcYcnt 
from that of the first film. In other words, 
what is sought is an interaction between titz, 
- beam and the interface in which is is desired 
20 u> form a bond. 

The condition of perpendicularity between 
the plane of * polarization of the beam and 
the direction of orientation of the film may 
'be. determined- by trial and error, but a pre- 
25 fcrrcd method is to employ a polarizer, as dcs T 
cribed in Example 3. 

The modification of Fig. 4 differs from 
Fig. 3 only in employing a focused beam, 
resulting in formation of a bond at the spot 
30 45 in the interface 43. 

The embodiment of Fig. 5 shows a pair of 
contiguous films 50, 51 each having a mating 
surface 52, 53 that has been nre trf.uVH to 
form a selectively absorbin g lavcr_or interfac: 
35 ^ Sj — ft nrh surface pretrcarment may be by anv 
of the techniques previously described. A con- 
venient ancj rapid prctreatment is to apply a 
physical stress to tfic surface, as illustrated in 
Fiu. 7 where the applied stress is a mcchani- 
40 cal one. As shown, a film 50 is drawn across 
a plurality of knife edges 56 to produce a 
stress in the surface of the film, indicated at 
52. Referring back to Fig. 5, the unfocused 
be^m 14 falls on the films and is selectively 
45 absorbed by interface 54, comprising the 
stressed surfaces 52, 53, thus raising the tem- 
perature thereof and forming a bond at uic 
area 55. 

Fig. 6 is a modification of Fig. 5 in which 
50 t;v beam is focused, a bond being formed at 
the spot r l, * 

In Figs. 5 and 6 the layer of interface 54 
can also be formed by means previously des- 
cribed, including treatment of the surfaces of 
95 the films with a polarity increasing agent. 

Fig. 8 is another modification of Fig. 5 
wherein prctreatment of the films or mating- 
surfaces , thereof is carried out by interposing 
a selectively absorbing layer 60 in the form of 
60 a thin oriented thermoplastic film. The layer 
is interposed between a pair of untreated films 
61, 62. Beam 14 is unfocused and is selectively 
absorbed by film 60, resulting in fusion and 
creation * f a bond at the areas 63. Film fn) 



with thw adjacent surfaces of filths 61 and 62 4S 
constitute t'.ie interface. 

In Dlacc c f an oriented thin film 60, which 
preferably is one of the same plastic material 
as films' 61, 62, there can be used as oriented 
or unoricntcd, preferably the former, thin film 70 
of a different thermoplastic; for example,, if 
films 61 and 62 arc polyethylene, film 60 car^ 
be polyvinyl chloride, and as can be seen, its 
thickness is onlv a fraction of that of filrrs. 
61 and 62. * 75 

Fig. 9 is a modification of Fig. 8 in which 
a focused beam 16 is used to form a bond at 
N the spots 64. v '* V 

In Figs. 8 and 9 it will be understood, that ' 
the selectively absorbing layer in the form of 80 
film 60 may also represent a layer of a polar 
compound, or a layer of a polymerizable mat- 
erial such as the monomer or dimer previously 
described. 

Refcrrii.^ to focusing, this is also a con- 
venient \v\y of increasing the intensity of the 
beam, making it possible to use devices whose 
power might otherwise be less than desired. 
For bonding clear untreated thermoplastic 
structures, focusing is a preferred procedure, 90 
as nqtcd. For example, when bonding clear 
untreated films of polyolefin with a ruby laser 
of 0.25 joule power, it is preferred to focus 
the beam. It will be understood that wherfver 
the power of a given device is insufficient to " 
produce a bond, one may resort to focusing 
or may use a device of higher power. In 
genera 1 , lower power devices whose output is 
focusca tend to form bonds of smaller area; 
in some cases substantially line bonds are *^ 
formed, and these arc desirable foi a given 
purpose. For bonds of larger area, as strips 
I inch in width, an unfocused laser beam may 
be desirable, and larger power devices of up 
to SO joules arc to be preferred. If the power 105 
from a given device is so great as to be likely 
to damage or destroy the structure, suitable 
precautions are available, such as attenuating 
the beam by using a filter, or using between 
the laser source and the plastic structure a HO 
partially reflecting mirror which reflects away 
a part of the beam end tran e mits onlya-parr ^ 
to the structure, or choosing a device of lower 
power. r 

By suitable choice of lens, it is possible tc H5 
focus the beam to a small spot having a 
diameter of a few microns, as of the order of 
1 to 5 microns. Even smaller diameters are 
possible, going down to one wave length; and 
spots of larger diameters may of course K* 120 
formed. The appropriate size is determinable 
beforehand. As .nay be apparent, a bonded 
area is formed when the energy per unit area 
absorbed thereby is sufficient to produce fusion 
of the interface at the area in question. Such 125 
energy per unit area is variable; a suitable 
amount is 0.25 joulc/sq. mm., and it may varv 
from O 01 to 100, preferably from 0 1* to 2, 
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joules/sq. mm. -^Deper Jing on the laser device, 
these energies may be obtainable without 
focusing, but it will be understood that focus- 
ing may be employed as desired. 
5 Having chosen the size of a desired bonded 
area or spot, the method then generally »n- 
voived moving the films relative to the beam 
in order to secure ontinuous bonding. . Con- 
tinuous bonding is possible even with a pulscc. 
10 laser beam although, as* will be understood, 
the speed of movement of the film is correlated 
to the frequency of the pulses. For high speed 
production a continuous wave ruby laser is 
preferred. A pulsed wave device is suitable 
for forming an intermittent bond* for example 
a bonded length wherein the bonded spots or 
areas arc spaced from each other. 

As indicated, in the bonded film or other 
structure it is considered that.thc bond is the 
result of a fusion of the mating surfaces of 
the contiguous structures, although the possi- 
bility exists that the bond may in some cases 
involve more than .mere fusion, that is, the 
two structures may be chemically united. 

The invention is illustrated by the follow- 
ing examples. ^ 

Example 1. 
Two pieces oC polyethylene film, each 1 by 
2 by 0.018 inch in thickness and having a 
30 density of 0.929, were superposed and clamped 
between a pair of transparent glass plates each 
having a thickness of 1 mm. Tbe sample was 
tJ.cn placed, fn the optical path of the output 
beam of a rubv laser so that the* plane of me 
35 film was perpendicular to the direction of 
propagation of the output beam. A glass lens 
having a focal length of 5^cm. was interposed 
between the laser head and the sample, so 
that the object distance (laser head to lens} 
40 was 14.5 cm. and the image distance (lens to 
film interface) was 6 cm. A xenon Hash lamp, 
disposed adjacent to the laser rod in ancllip- 
tically shaped reflective cavity, was then fired 
by discharging a .bank of capacitors across the 
lamp. The intense flash of the lamp, in turn, 
excite^ the active atoms of the laser with the 
result that it produced 'a pulsed output bcani, 
each pulse lasting for 0.0005 second, and hav- 
ing an energy of 0.25 joule. A strong bond 
was attained between the films in the irradi- 
ated area, the latter comprising 2.28 sq. mm. 
Bond strength (or peel strength) was 44.0 g. 
per mm. width of seal as determined in an 
Instron Tensile Tester at a cross-head or pccl- 
ing-apart speed of 0.2 inch per minute. V 
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Example 2. 
Two polyethylene films of 0.916 density, 
measuring i by 2 by 0.002 inch, were taken 
and exposed to an electric discharge in am- 
monia gas for 2 seconds. The purpose of tlih 
treatment was to form polar groups on the 
surfaces of the films. The films were then 



tact and irradiated as in Example 1. A bond 

Wa Up f or7Tc1ting of the films in the Instron 
Tester, a bond strength of 7.2 grams per mm 
width was obtained. This value of bond 
strength relates to a bonded area of 1.5 sq. 
mm and involves the peeling apart of rue 
films at a rate of 2.0 inches per minute. 

When two identical but untreated, contiguous 
films of 0.916 density were irradiated under 
the same conditions, no bond was obtained. 

Example 3. 
To demonstrate the effect of stretching or 
orienting, a piece of polyethylene film, density 
0.929; measuring 1 by 2 by 0.012 inch, was 
stretched in the machine direction, until its 
thickness was reduced to 0.006 inch. It was 
then placed in contact with a non-stretched 
film specimen of 0.012 inch thickness taken 
from the, same roll as the first' piece, and. *he 
clamped films were placed in the path oi the 
laser beam, produced as in Example 1, with 
the stretched film more remote from the laser 
source and with its direction of orientation per- 
pendicular to the plane of polarization of the 

beam. r , . 

The plane of polarization of the beam is 
determinable by attenuating the beam with a 
filter and locating th~ plane of polarization 
with a conventional polarizer. / 

Irradiation of the films produced a bond. 

By comparison, two ciamped-togcther un- 
treated fiims pi the same sizes as the foregoing 
irradiated films were little affected by the 
beam and were not' bonded. 

In connection with a focused beam, it may 
he mentioned that the interface of a pair of 
structures to be bonded is also disposable 
heyond the fo* A plane in a direction remote 
from the laser source. In other words, not oniy 
is such interface disposable in the focal plane, 
as in Fig. la, and between the focal point and 
the laser source, as in Fig. 2, but also, using 
Fig. 2 to illustrate, to the right of the focal 
point 3* where the interface mav receive the 
diverging beam. Thus, where the interface 
in Fig 2 receives the converging beam, it may 
be. placed to- receive the diverging beam. 

Referring again to Figs. J and 4, it will 
be understood thai the stretched structure can 
be oriented in both directions. 

WHAT WE CLAIM IS: — 
1. A method of bonding a first surface 
which is of a thermoplastic material to a 
second surface which is of thermoplastic mat- 
erial or paper, comprising superposing the first 
surface on the second surface, thereby forming 
an interface, irradiating the interface with elec- 
tromagnetic radiation made up of constituent 
waves which are all in phase and of the same 
wave length, and absorbing the radiation ovrr 
a pre-selccted area in the interface, thereby 
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to fuse thermoplastic material cu the area and 
to bond the first and second surfaces. 

2. A method according to claim 1 wherein 
the wave length is from 0.2 to 30 microns and 

5 - the energy applied to the area is at least 0.01 
joule per square millimeter per unit area. 

3. A method according to claim 1 or claim 
2 wherein the thermoplastic surface or^ne 
of the thermoplastic surfaces is a surface of a 

10 layer which absorbs the radiation selectively. 

4. A method according to claim 3 where! i 
the layer is formed by prctreatment of the 
thermoplastic surface or one of the thermo- 
plastic surfaces with a polarity increasing 

15 agent. 

5. A mctho4 according to claim 4 wherein 
the pretrcatment is carried out in the presence 
of an electrical discharge. 

6. A method according to claim 3 wherein 
20 the layer is one formed by. applying a stress 

to the thermoplastic surface or to one of the 
thermoplastic surfaces. 

7. A method according to claim 6 wherein 
the stress is a mechanically applied stress. 

25 8. A method according to claim 3 wherein 
the layer is one formed by rlame treating the 
• hermoplastic surface or one of the thermo- 
plastic surfaces. 

9. A method according to claim 1 or claim 
30 2 -vhcrcin a layer which selectively absoros 

the radiation is in contact with the thermo- 
plastic surface or one of the thermoplastic 
surfaces. 

10. A method according to claim 9 wherein 
35 the layer comprises a polar compound. 

11. A method according to claim 9 wherein 



the layer comprises a polymerisable material. 

12. A method according to claim 9 wherein 
the layer comprises a thin thermoplastic film. 

13. A method according to claim 12 wherein 40 
the thermoplastic film is of a different thermo- 
plastic to that of the thermoplastic surface or 
surfaces. 

14. A method according to claim 12 or claim . 
13 wherein the thermoplastic film is oriented. 45 

15. A method according to any preceding 
claim wherein the radiation is focused. 

16. A method according to claim 15 wherein 
the interface is disposed in the focal plane of 

the focused radiation. , ^ £0 

17. A method v according to cla|m 15 or- # 
claim 16* wherein the interface is disposed 
inwardly of the focal plane of the focused 
radiation in a direction nearer tb the source 

of the radiation. 55 

18. A method according to any preceding 
claim wherein nnc thermoplastic surface is 
oriented by stretching the same, and the direc- 
tion of, orientation of the stretched surface is 
disposed perpendicularly to the plane of the 60 
radiation. 

19. A method according to claim 1 sub- 
stantially as described with reference to 
Examples 1 — 3. 

20. Bonded structures comprising surfaces 65 
bonded tog^her by a method according to any 

of the preceding cli ms. 

For the Applicants: 
GILL, JENNINGS 8c EVERY, 
Chartered Patent Agents, 
51/52 Chancery Lane, 
London, W.C.2. 
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